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ABSTRACT 


C  oherent  optical  adaptive  techniques  are  designed  to  overcome 
degradations  experienced  by  optical  beams  propagating  in  media  with  fixed 
or  time-varying  distortions.  This  report  presents  results  from  the  calibra¬ 
tion  phase  of  an  experimental  eighteen-element,  self-adaptive  optical  phased 
array.  Initial  teste  on  a  turbulent,  outdoor  propagation  range  are  also 
presented.  Computer  simulation  studies  have  demonstrated  the  advantages 
of  a  divider-AGC  network  and  have  detailed  the  theoretical  system  perfor¬ 
mance  with  glints  of  varying  reflectivities,  with  various  signal-to-noise 
ratios,  and  with  different  receiver  aperture  diameters.  Phase  shifter 
hysteresis  was  found  to  have  a  negligible  effect  on  system  performance. 
Laboratory  calibration  meis-'-ments  both  with  and  without  artificial 
turbulence  show  that  the  experimental  COAT  system  performs  very  close 
t°  ^heoretical^predictions.  Initial  range  measurements  with  high  turbulence 
(CN  -  6  x  10  cm-  )  show  very  good  system  lock-on  convergence  (5  ms 
convergence  time)  and  stability  (±10%  intensity  fluctuations)  with  a  single 
moving  glint  target. 
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SUMMARY 


This  report  covers  the  period  of  27  December  1973  to  26  March  1974, 
the  fourth  quarter  of  the  contract.  During  the  quarter,  we  completed  the 
construction  and  testing  of  all  the  necessary  hardware  for  the  COAT  system, 
the  target,  and  the  range.  The  visible  prototype  COAT  system  is  now 
operating  on  the  outdoor  propagation  range  at  Hughes  Ground  Systems 
Group  facii'ty. 

Studies  using  the  COAT  computer  simulation  have  continued.  We 
have  verified  the  improvement  in  system  performance  when  using  a 
divider-AGC  network.  Convergence  tests  with  two  olints  have  shown  that 
the  system  will  always  converge  completely  and  remain  converged  on  one 
glint,  but  the  glints  must  differ  by  ac  least  1  dB  for  the  system  to  consistently 
pick  the  stronger  glint.  This  conclusion  remains  true  for  voltage  signal-to- 
noise  ratios  above  6.  Initial  tests  with  varying  receiver  aperture  sizes  and 
areas  have  shown  no  effect  for  receiver  diameters  as  small  as  one-third 
the  transmitter  diameter.  The  simulation  has  also  shown  that  phase  shifter 
hysteresis  has  very  little  detrimental  effect  on  convergence  performance. 

Laboratory  calibration  performance  tests  on  the  COAT  system  have 
been  completed  using  the  18-element  0-6-12  transmitter  array.  The  sys¬ 
tem  performs  very  close  to  computer-predicted  theoretical  levels  in  tests 
of  convergence  times,  target  plane  intensity  contours,  and  glint  discrimina¬ 
tion.  Laboratory  measurements  indicate  that  two  glints  must  differ  in 
reflectivity  by  2  dB  for  the  COAT  system  to  converge  completely  on  the 
stronger  one. 

Initial  rang"  measurements  have  shown  stable  system  convergence 

w  th  a  single  stationary  or  moving  glint  at  turbulence  levels  up  to 
2  -15  -2/3  ~ 

CN  -  ^  x  10  cm  •  The  turbulence  was  measured  with  a  differential 

microthermometer.  Convergence  times  are  typically  5  ms  with  only  5  to 

10%  peak  intensity  fluctuations  after  convergence.  Peak-to-peak  phase 

shifter  excursions  after  convergence  are  roughly  ±118°  or  0.  16  pm. 

Mechanical  offset-pointing  under  turbulent  conditions  has  been  demonstrated, 

but  its  usefulness  is  limited  by  mirror  bounce  requiring  long  sample  times. 
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I.  INTRODUCTION 

A.  Program  Objectives 

There  are  two  primary  objectives  of  this  program.  The  first 
objective  is  to  determine  the  performance  limits  of  coherent  optical  adaptive 
techniques  through  operation  of  an  experimental,  visible  prototype  multi¬ 
dither  COAT  system  through  a  representative  turbulent  atmosphere  against 
a  complex  dynamic  target.  The  second  objective  is  to  determine  the  best 
methods  of  employing  COAT  in  high  power  laser  rystems  and  to  assess  the 
status  of  necessary  key  high  power  components. 

B.  Research  Program  Plan 

The  research  program  plan  is  the  same  as  that  presented  in  the 
previous  technical  report.  The  program  ends  June  30,  1974.  Final  range 
test  data  and  the  results  of  Task  III,  the  high-power  COAT  study,  will  be 
presented  in  the  final  contract  report  due  in  July,  1974.  Figure  1  shows 
the  test  and  measurements  program  for  the  entire  contract. 

C.  Organization  of  This  Report 

This  report  covers  the  end  of  the  calibration  phase  and  the  beginning 
of  the  range  measurements  phase  of  the  contract.  Results  obtained  during 
the  time  period  of  27  December  1973  to  26  March  1974  are  included. 

The  report  is  divided  into  six  sections.  Section  II  discusses  recent 
computer  simulation  results  on  signal-t-'-noise,  glint  discrimination,  and 
effects  of  receiver  size  and  phase- shifter  hysteresis.  The  improvement  in 
system  performance  after  the  inclusion  of  a  divider-AGC  is  also  noted. 

Section  III  presents  the  operational  status  of  the  target  and  range 
analysis  equipment.  A  new  TV  camera  has  been  purchased  to  facilitate 
calibrated  target  measurements. 

Section  IV  contains  the  final  laboratory  calibration  measurements 
data  for  the  18-element  COAT  system.  Near-ideal  performance  was 
observed  and  the  dynamic  system  operation  recorded  on  movie  film. 
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Section  V  presents  the  results  of  preliminary  range  measurements 
which  show  good  system  convergence  performance  under  high  turbulence 

conditions.  The  report  concludes  with  Section  VI  outlining  the  plans  for  the 
final  quarter  of  the  program. 


Fig.  1.  COAT  test  and  measurements  program. 
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H.  ANALYSIS:  COMPUTER  SIMULATION  STUDIES 

A.  Simulation  Modifications 

During  this  quarter  we  have  solved  the  diiliculties  experienced  in 
incorporating  the  divider  AGC  into  the  simulation.  The  optimum  corner 
frequency  for  the  low-pass  filter  in  the  AGC  was  found  to  be  about  4  kHz, 
but  system  performance  is  nearly  constant  for  any  corner  frequency  between 
500  Hz  and  8  kHz.  The  value  presently  in  use  in  the  hardware  is  2  kHz. 

The  effect  of  the  AGC  is  to  produce  fast,  reliable  convergence  with 
^11  ^lint  geometries  studied  so  far,  but  the  maximum  converged  power  is 
about  10%  below  that  obtained  with  no  AGC  and  optimum  gain.  This  is  not  a 
surprising  result,  since  the  AGC  reduces  the  gain  as  convergence  proceeds 
and  the  final  converged  level  is  proportional  to  loop  gain.  This  small  reduc¬ 
tion  is  more  than  compensated,  however,  by  increased  stability  and  reduced 
convergence  time  particularly  with  moving,  multiglint  targets. 

All  of  the  simulation  tests  reported  here  were  run  with  sine/cosine 
operation  and  a  signal-to-noise  (S/N)  of  20  unless  otherwise  noted.  The 
S/N  ratio  is  defined  as  the  ratio  of  the  detector  dc  voltage  to  the  rms  signal 
shot  noise  voltage.  The  loop  gain  was  optimized  for  fastest  stable  conver¬ 
gence  on  a  single  glint  with  the  AGC  and  then  left  unchanged  for  all  tests. 

B.  Two  Glint  Discrimination 

Two  questions  of  great  practical  importance  are  the  following: 

(1)  How  does  the  COAT  system  behave  with  the  two  equal  glints?  (2)  By  how 
much  must  two  glints  differ  for  the  COAT  system  to  always  ihoose  the 
stronger.  A  number  of  simulation  tests  were  made  to  answer  these 
questions. 

1  •  Two  Identical.  Resolvable  Glints 

For  these  tests,  two  equal,  resolvable  glints  were  placed  on 
the  x-axis  equal  distances  from  the  boresight  axis.  Three  tests  were  run 
with  different  glint  spacings  using  the  initial  condition  shown  in  Fig.  2.  The 
results  are  given  in  Figs.  3  through  5,  where  both  the  target  plane  power 
plots  and  the  glint  power  time  history  plots  are  shown.  The  glint  spacing 
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Fig.  2.  Target  plane  power  plot  showing  initial  condition 
for  identical,  resolvable  glint  tests.  Glints  are 
shown  spaced  at  one-fourth  of  an  element  null-null 
beamwi dth . 
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Fig.  3.  Convergence  run  for  two  equal 

glints  spaced  at  one  array  null 
null  beamwidth.  (a)  Converged 
pattern  after  4  msec,  (b)  Time 
history  plot  of  power  on  each 
glint. 
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increases  progressively  from  Fig.  3  to  Fig.  5.  The  target  plane  power 
plot  code  is  shown  in  Table  I. 

In  each  of  these  cases  tne  COAT  system  formed  a  stable  beam  maxi¬ 
mum  on  one  glint.  For  the  cases  in  Figs.  4  and  5,  however,  there  is  some 
power  sharing  with  about  75%  of  the  total  power  on  one  glint  and  2  5%  cn  the 
other.  Note  that  the  system  will  select  either  glint  depending  on  the  glint 
locations  and  the  initial  conditions.  The  observed  convergence  time  of 
2.  0  to  2.  5  ms  is  also  longer  than  for  a  single  glint,  or  for  a  multiglint 
target  with  a  single  strong  glint  (1.0  ms).  The  important  conclusion,  how¬ 
ever,  is  that  the  system  does  converge  on  one  glint  and  does  not  oscillate 
between  the  two  glints. 


Table  I.  Target  Plane  Power  Plot  Code 


Digit 

dB  Down  from  Boresight  Maximum 

0 

0  to  -3 

1 

-6  to  -9 

2 

-12  to  -15 

3 

-18  to  -21 

Til  16 


2.  Two  Glints  of  Different  Reflectivity 

For  these  tests,  two  glints  were  placed  as  shown  in  Fig.  6. 

The  reflectivity  (backscatter  cress- section  =  (r)  of  glint  No.  1  is  varied  with 
respect  to  the  constant  reflectivity  of  glint  No.  2.  The  two  glint  locations  are 
exactly  equivalent,  so  the  glints  are  distinguished  only  by  their  reflectivity. 

The  results  of  these  tests  are  indicated  in  Fig.  7  for  two  different 
initial  conditions,  and  with  and  without  noise.  The  COAT  system  always 
converges  on  the  stronger  glint  if  the  glint  reflectivities  differ  by  more  than 
30  %(<r2/<r1  =  1.3  or  1  dB).  The  convergence  time  is  minimum  (roughly 
0.8  to  1.0  ms),  and  the  convergence  is  also  complete;  there  is  no  splitting 
of  the  power  between  the  glints.  The  weaker  glint  thus  has  only  the  normal 
sidelobe  level  power  on  it.  This  behavior  was  observed  with  different 
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initial  convergence  conditions,  and  with  and  without  noise.  If  the  glints 
differed  in  cross-section  by  less  than  30%,  the  type  of  behavior  described 
for  equal  glints  was  observed  :  the  system  always  converged  on  a  glint, 
but  not  consistently  on  the  same  one  or  on  the  stronger  one. 

C.  Shearing  Glint  Convergence 

The  one-fixed,  one-moving  case  discussed  in  the  third  quarterly 
report  (Figs.  10  and  11  of  that  report)  was  repeated  with  the  AGC  operating. 
As  before,  the  glint  strengths  are  3:1  (o^  larger)  and  glint  No.  1  is  moving 
at  20  mrad/sec  with  respect  to  the  transmitter.  The  results  are  shown  in 
Figs.  8  and  9.  In  Fig.  8,  the  time  history  plot  shows  that  convergence 
began  on  the  smaller  glint  (No.  2),  while  the  larger  glint  (No.  1)  was  at  the 
edge  of  the  element  pattern.  As  glint  No.  1  moves  into  the  element  pattern, 
power  on  glint  No.  2  decreases  as  power  on  the  large  glint  increases. 

After  3.  6  ms  the  glint  power  changes  in  accordance  with  the  variation  in  the 
element  pattern  intensity  across  the  aperture.  Note  in  comparison  with  the 
last  report  that  the  maximum  power  achieved  is  somewhat  lower  (75% 
versus  83%)  due  to  the  AGC  gain  reduction  at  convergence.  The  power  con¬ 
tour  plots  of  Fig.  9  are  quite  different  from  those  without  AGC.  At  2  ms, 
a  small  beam  has  formed  at  the  small  glint  and  is  beginning  to  fade  away. 

At  4  ms  through  8  ms  an  excellent  convergence  has  been  achieved  on  the 
moving  glint.  It  is  apparent  when  comparing  Figs.  8  and  9  to  Figs.  10 
and  11  of  the  previous  report3  that  the  AGC  has  significantly  improved  the 
system  performance  with  moving,  mi  ltiglint  targets. 

D-  Convergence  as  a  Function  of  Signal-to-Noise 

The  effects  of  noise  on  the  COAT  system  were  studied  by  varying 
the  detector  voltage  signal  to  noise  ratio  (S/N).  The  simulation  calculates 
an  effective  noise  voltage  using  the  S/N  which  is  proportional  to  the  square 
root  of  the  detector  dc  level  (shot  noise)  and  adds  this  voltage  to  the  photo¬ 
detector  voltage.  The  noise  voltage  has  a  gaussian  distribution  with  mean 
at  zero  and  unit  standard  deviation. 

The  simulation  was  run  with  different  voltage  signal-to-noise  ratios. 
Although  the  simulation  is  usually  run  with  a  S/N  ratio  of  20,  the  effect  of 
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noise  is  most  pronounced  when  the  S/N  drops  below  about  5.  5.  At  higher 

S/N  ratios,  the  main  effect  is  a  reduction  in  the  maximum  convergence 
level. 

Figure  10  shows  glint  power  time  plots  for  three  values  of  S/N  for 
the  two  glint  geometry  shown  in  Fig.  6  (ffj/o^  =  3).  The  system  stability 
and  maximum  convergence  level  drop  very  rapidly  as  the  S/N  falls  below 
5.  5.  For  S/N  =  3.  2,  the  system  never  converges  on  either  glint.  Noise 
does  not  appear  to  slow  down  the  convergence  of  the  system,  but  it  does 
cause  a  reduction  and  eventually  a  loss  of  convergence  level. 

E-  Effect  of  Receiver  Area  and  Re  tolution 

Several  test  cases  were  run  to  determine  the  effect  of  receiver 
apertures  comparable  in  size  to  the  transmit  aperture.  A  total  of  six  tests 
were  made  with  a  two  glint  target  (Fig.  6).  These  tests  are  summarized  in 
Table  II,  where  DR  is  the  receiver  oatside  diameter,  DT  is  the  transmitter 
outside  diameter,  and  AR  and  A^,  are  the  respective  areas. 


Table  II.  Receiver  Area  Test  Cases 


Solid  Circular  Aperture 

Annular  Aperture 
(Receiver  Inside  Diameter  =  DT) 

A.  CR  =  2  Dt  (Ar  =  4  At) 

A.  DR  =  2.  2  Dt  (Ar  -  4  At) 

B’  dr  =  dt  (ar  =  At* 

B.  Dr  =  1.4Dt(Ar  =  At) 

C.  Dr  =  0.32  Dt  (Ar  =  0.  1  At) 

c.  Dr  =  1.05Dt(Ar  =  0.1  At) 

T1282 


Varying  the  receiver  area  is  not  expected  to  have  any  effect  with  a 
fixed  S/N  ratio  since  the  AGC  tracks  out  the  variations  in  signal  level. 

Vf  len  the  maximum  receiver  diameter  (and  thus  its  resolution)  falls  below 
that  of  the  transmitter,  however,  the  system's  ability  to  discriminate 
between  multiple  glints  may  be  affected.  For  all  of  the  cases  listed  in 


Fig.  10. 


sequences  for  two  glints  as  a  function 
of  voltage  signal-to-noise  ratio  (S/ll),  (a)  S/N  = 
5.5.  (b)  S/N  =  4.5  (c)  S/N  =  3.2. 
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Table  II.  no  effects  were  observed;  the  system  always  converged  fully  on 
the  stronger  glint  in  about  0.  8  ms.  Similar  results  were  also  observed 
wi*h  case  C  and  the  annuli. r  aperture,  but  with  five  glints  distributed  over 
the  target  plane.  Further  tests  are  planned  to  study  just  how  far  the 

receiver  resolution  can  be  reduced  before  the  COAT  system  performance 
is  degraded. 


F>  Effect  of  Phare  Shifter  Hysteresis 

Since  all  piezoelectric  devices  exhibit  hysteresis  in  their  response  t< 
an  applied  voltage,  and  since  PZT  drivers  are  prime  candidates  for  many 
■  OAT  phase  shifter  applications,  it  is  important  to  investigate  how  such 
hysteresis  affects  COAT  performance.  Although  such  effects  are  not 
observable  with  the  RADC/COAT  system,  a  subroutine  has  been  written 

for  the  COAT  simulation  to  study  hysteresis  effects.  The  hysteresis  loop 
is  represented  by 

°  =  °ST  +  [(KB  VSAT  *  DST)/  <exP(KH)  -  n]  X 
|exp[KH(V.VST,/(VsAT.VST,j.,j 


where 


V 

D 

D 


ST 


=  applied  voltage 

=  phase  shifter  displacement 

displacement  at  last  sign  reversal  of  derivative  of 
applied  voltage  (loop  start  displacement) 


VSAT  =  hysteresis  loop  saturation  voltage 
B  =  phase  shifter  constant  (meters/volt) 


K 


K 


H  r  dimensionless  hysteresis  constant  (loop  width 
parameter) 

VgT  =  voltage  at  last  sign  reversal  of  derivative  of  applied 
voltage  (loop  start  voltage). 

These  quantities  a  -e  further  defined  in  Fig.  11. 
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Fig.  11.  Definition  of  hysteresis  loop  quantities  used 
in  phase  shifter  hysteresis  simulation.  Loop 
shown  is  for  a  constant  amplitude  sinusoidal 
applied  voltage  with  peak  amplitude  V 
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Figure  12  presents  the  results  of  the  test  runs.  The  system 
convergence  time  was  used  as  the  main  performance  indicator  since  the 
hysteresis  had  little  effect  on  system  stability  or  final  converged  level. 

The  results  shown  in  Fig.  12  indicate  that  hysteresis  has  very  little  effect 
on  convergence  time  until  the  loop  width  parameter  exceeds  1. 2.  For  larger 
loop  parameters  (found  only  in  some  magnetic  materials),  the  effect 
increases  monotonically  with  saturation  voltage. 

The  principle  conclusion  from  these  studies  is  that  hysteresis  is  not 
likely  to  present  any  problems  for  a  COAT  servo  control  system.  The  non¬ 
linear  character  of  hysteresis  effects  may  be  important,  however,  when 
trying  to  perform  electronic  scanning  using  preprogrammed  element  offset 
voltages  (as  is  done  in  the  RADC/COAT  system). 


Fig.  12.  COAT  system  convergence  time  as  a  function  of 
hysteresis  loop  parameters. 
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III. 


SYSTEM  FABRICATION 


The  18-element  C-OAT  transmitter/receiver  system  is  now  complete 
and  tested.  The  target,  along  with  all  of  the  target  analysis  equipment,  has 
been  assembled  and  tested.  All  of  the  range  instrumentation  is  in  place 
along  with  the  required  safety  devices.  This  section  discusses  the  work 
done  during  the  past  quarter  on  the  target  analysis  equipment  and  the 
propagation  range.  Section  IV  deals  with  the  transmitter/receiver  system 
calibration.  A  photograph  of  the  system  assembled  in  the  GSG  laboratory 
is  shown  in  Fig.  13;  the  periscope  through  which  the  beam  propagates  to  the 
roof  is  shown  in  the  background. 

A.  Target  Analysis  Equipment 

The  target  system  has  been  completed  and  calibrated,  and  is  now 
mounted  in  a  weathertight  enclosure  on  the  range.  Figure  14  shows  the 
target  rack  as  it  sits  inside  the  enclosure.  The  optical  paths  in  the  target 
have  been  described  previously.^ 

The  laser  beam  enters  the  enclosure  at  a  height  of  one  meter  above 
the  roof  and  13  turned  90°  into  a  vertical  path  by  a  combination  of  fixed  and 
nutating  mirrors.  Either  the  fixed  or  nutating  (when  stationary)  mirrors 
maybe  used  to  position  the  beam  on  a  fixed  glint  target.  When  the  nutating 
mirror  rotates,  the  optical  beam  describes  an  elliptical  path  with  an  aspect 
ratio  of  two  on  the  glint  plane  at  the  top  of  the  rack.  From  the  viewpoint  of 
the  COAT  transmitter/receiver,  this  arrangement  is  equivalent  to  moving 
the  glint  with  respect  to  a  stationary  beam.  The  size  of  the  ellipse  is  con¬ 
trolled  by  rotating  two  wedge  plates  on  which  the  nutating  mirror  is  mounted 
to  change  the  mirror  plane  angle  with  respect  to  the  rotation  axis.  The  size 
of  the  ellipse  is  observed  by  the  TV  camera  which  monitors  the  target  glint 
positions  and  the  incident  beam  profile  (see  Ref.  2).  The  apparent  angular 
speed  of  the  glint  is  a  function  of  both  the  ellipse  size  and  the  nutating  mirror 
rotation  rate.  The  rotation  rate  can  be  measured  either  by  visual  counting 
or  by  a  tachometer  attached  to  the  rotating  mirror. 
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Photograph  of  RADC  COAT  system  in  the 
laboratory  at  the  Hughes  GSG  facility.  Th 
periscope  which  takes  the  beam  to  the  roo 
top-  propagation  range  can  also  be  seen. 
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Photograph  of  target  assembly 
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A  high  speed  movie  camera  is  used  to  record,  when  desired,  the 
same  image  as  seen  by  the  TV  camera.  The  movie  camera  has  a  100  ft 
film  capacity  (16  mm),  and  can  record  1.  5  sec  of  data  at  greater  than 
2000  frames  per  second.  Frame  rates  up  to  5000  per  second  are  possible 
with  this  camera.  Because  the  camera  requies  some  acceleration  time,  it 
must  be  started  before  the  start  of  the  ,/ent  to  be  recorded.  This  is  accom¬ 
plished  by  controls  supplied  with  the  camera  which  pi  ovide  timing  and  start 
signals  for  the  event.  A  typical  operating  sequence  is: 

1.  Start  camera  (by  remote  push  button  in  laboratory). 

2.  Camera  control  provides  a  contact  closure  in 
laboratory  after  500  ms  when  frame  rate  has 
reached  2000/sec. 

3.  Contact  closure  closes  control  loop  on  COAT  system 
to  demonstrate  convergence  and  beam  profile  for 

1 .  5  sec. 

4.  Film  runs  out  and  camera  control  shuts  off  camera 
at  2.  0  sec. 

Event  timing  is  facilitated  by  timing  marks  which  are  produced  on  the  edge 
of  the  film  by  a  strobe  light  energized  by  an  external  square  wave  generator. 

Initial  tests  of  the  target  equipment  using  the  COAT  system  have 
uncovered  several  deficiencies  in  the  TV  camera  which  monitors  the  target 
and  the  incoming  beam.  The  camera  has  no  overrides  on  its  automatic  gain 
control  (AGC)  or  automatic  sensitivity  control  (ASC)  and  so  cannot  be  used 
for  taking  quantitative  data.  The  unit  also  has  poor  linearity  and  the  synch 
signals  are  not  adequate  for  use  with  the  color  quantizer.  We  have  also 
found  that  the  camera  dark  current  increases  substantially  as  the  target 
enclosure  heats  up.  The  dark  current  becomes  so  large  that  the  dynamic 
range  of  the  quantizer  is  nearly  halved. 

We  have  resolved  all  but  the  dark  current  problem  by  purchasing  a 
high  quality  camera  and  lens  assembly  from  Interpretation  Systems  Inc., 
the  manufacturer  of  the  color  quantizer.  The  new  camera  has  better  than 
3%  amplitude  linearity  over  a  23  dB  intensity  range,  and  3%  uniform  response 
across  the  face  of  the  vidicon.  The  unit  also  has  manual  AGC  and  ASC  and 
is  designed  for  use  with  the  VP-8  image  analyzer  (color  quantizer).  The 
temperature  and  dark  current  problem  will  still  be  present,  however,  so 
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we  are  installing  cooling  equipment  to  maintain  the  camera  at  or  below 
75°F. 

Figure  15  shows  the  monitoring  and  recording  equipment  for  the 
target.  The  output  of  the  18-element  phasor  matrix  is  displayed  on  the  TV 
target  monitors.  An  oscilloscope  is  used  as  an  xyz  display  for  observing 
the  target  monitor  outputs  in  profile  or  in  pseudo-3D  isometric  display. 

The  target  black-and-white  monitor  shows  the  input  to  the  quantizer,  and 
the  target  color  monitor  presents  the  same  video  in  color,  with  each  color 
representing  a  different  intensity  level.  A  cassette  video  tape  recorder  is 
available  for  permanent  recording  of  desired  data.  The  second  black  and 
white  monitor  is  driven  by  a  camera  placed  at  the  range  target  which  looks 
from  the  target  down  the  range  to  the  periscope. 

The  image  analyzer  (color  quantizer)  is  proving  to  be  a  very  useful 
instrument  for  recording  system  performance  both  qualitatively  and  quanti¬ 
tatively.  Some  preliminary  pictures  of  the  converged  and  unccnverged 
a  ams  are  shown  in  Fig.  16.  The  black  and  white  pictures  were  made 
from  Polaroid  color  prints  so  the  full  impact  of  the  display  is  not  apparent. 
The  color  bands  at  the  bottom  of  the  pictures  indicate  the  relative  size  of  the 
intensity  bands  corresponding  to  each  color.  These  bands  are  variable  and 
can  be  calibrated  so  that  each  color  represents  any  desired  range  of 
intensity. 

B.  Propagation  Range 

1  •  Range  Instrumentation 

All  of  the  necessary  cabling  for  the  target  monitoring  instru¬ 
ments  has  been  completed  (cabling  for  cameras,  glint  power  detectors,  power 
controls,  and  atmospheric  instruments).  The  required  safety  devices  which 
include  a  rope  fence,  warning  signs,  and  a  flashing  red  light  are  in  place 
and  operating.  In  addition  to  a  24-hour  recording  instrument  for  tempera¬ 
ture,  pressure  and  humidity,  we  now  have  a  wind  direction  and  velocity 
meter  with  a  remote  indicator  in  the  lab. 

We  have  been  using  the  output  of  a  differential  microthermometer  as 
the  principal  measure  of  so  far.  The  scintillometer  and  MTF  monitor 
have  not  been  used  because  of  problems  in  maintaining  a  stable  alignment  of 
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Target  monitoring  and  data  recording 
equipment  rack. 
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Fig.  16.  Black-and-white  photographs  of 
color  monitor  display  of  image 
analyzer  (color  quantizer)  out¬ 
put.  (a)  Unconverged  18-element 
far-field  pattern  (COAT  off). 

(b)  COAT  on,  converged  beam  pat¬ 
tern  . 
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the  required  optical  paths.  We  are  continuing  to  work  on  solving  the 
problems  with  these  instruments,  and  expect  to  be  using  all  three  on  a  daily 
basis  within  the  next  few  weeks. 

2.  Ranfee  Construction 

Ihe  periscope  modifications  which  were  in  progress  during 
the  last  reporting  period  are  now  completed.  Physically,  the  periscope  is 
30  in.  in  diameter  and  30  ft  in  length.  The  first  24  ft  from  the  base  to  the 
roofline  is  in  an  air-conditioned  building,  and  the  remaining  6  ft  extends 
above  the  roofline  and  is  exposed  to  external  ambient  conditions.  Since  the 
top  and  bottom  of  the  periscope  are  exposed  to  different  environments,  care 

was  taken  to  seal  any  openings  to  minimize  convection  air  currents  within 
the  tube.  4 

Microthermometer  measurements  were  made  to  estimate  the  turbu¬ 
lence  levels  in  various  portions  of  the  periscope  range  optical  path.  Four 
measuring  locations  were  used:  in  the  bottom  of  the  periscope,  in  the  top 
of  the  periscope,  and  the  normal  mid-range  loc  ition.  The  microthermometer 
was  placed  in  each  of  these  locations  and  data  taken  for  a  24-hour  period. 

The  periscope  was  sealed  as  tightly  as  possible  as  it  is  in  normal  operation. 
The  data  indicate  that  the  turbulence  in  the  laboratory  and  the  periscope  is 
small  relative  to  the  rooftop  mid-range  turbulence.  Initially,  however,  the 
turbulence  in  the  top  of  the  periscope  was  larger  than  desired.  Household 
insulation  material  was  wrapped  around  the  top  of  the  periscope  with  the 
metallic  side  out  to  reduce  the  effects  of  heat  loading  by  the  sun.  Turbulence 
levels  measured  after  the  insulation  was  installed  were  comparable  to  the  low 
values  in  the  laboratory  and  at  the  bottom  of  the  periscope.  The  results  of 
the  measurements  are  summarized  in  Table  III. 

The  data  in  Table  III  indicate  that  the  laboratory  path  (about  6  m) 
and  the  periscope  path  (10  m)  will  contribute  negligible  turbulence  fluctua¬ 
tions  compared  to  the  92  m  rooftop  path.  Since  the  rooftop  range  is  very 
uniform,  the  microthermometer  should  give  values  for  C  which  are  an 
accurate  measure  of  the  turbulence  over  the  entire  path.  This  should  be 
true  even  for  low  turbulence  levels  (C2  ~  2  x  10”16  cm"2/3)  since  the 
laboratory  and  periscope  paths  are  so  short  compared  to  the  rooftop  path. 


26 


I  he  scintillometer  and  MTF  monitor  should,  however,  provide  a  check  on 
this  conclusion. 


Table  III,  M'crothermometer  Measurements  of  Turbulence 
Levels  at  Various  Locations 


Laboratory 


Inside  bottom  periscope; 
periscope  sealed  shut. 

Inside  top  of  periscope; 
no  insulation. 

Inside  top  of  periscope; 
insulation  installed. 


Mid-range 


Range  of  cj-  |cm'^^ 
Over  24  Hours 


6  x  10"1  '  (instrument  noise  level) 
to  2  x  10-16 

- 1  7 

6x10  ;  no  variation 


6  x  10"17  to  4  x  10“16 


- 1  7 

6x10  ;  no  variation 


1x10  ^  to  6  x  10"^ 
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IV.  LABORATORY  MEASUREMENTS:  SYSTEM  CALIBRATION 

A.  I  8-EIement  Array  Far-Field  Patterns 

1 .  Element  Patterns 

Figure  17  shows  the  far  field  pattern  for  each  element  of  the 
18-element  array.  The  patterns  were  photographed  with  the  same  exposure 
times  using  the  arrangement  shown  in  Fig.  18.  Small  variations  in  the 
observed  patterns  are  caused  either  by  the  different  element  shapes  or 
orientations,  or  by  small  mirror  distortions  which  degrade  the  pattern 
from  its  undistorted  form.  Table  IV  indicates  the  relative  peak  intensity 
in  the  far  field  accurate  to  about  ±10%  measured  on  each  element  using  a 
pinhole  detector  on  the  common  element  boresight  axis.  The  power  is  quite 
uniform  across  the  aperture.  The  collimating  lens  used  for  these  measure¬ 
ments  provides  a  1/e^  beam  radius  of  13  mm  so  that  the  intensity  is  down  to 
0.  52  (on-axis  intensity  =  1.0)  at  the  7.  4  mm  outer  radius  of  the  array 
pattern,  0.  88  at  the  intermediate  radius,  and  only  0.  97  at  the  inner  radius. 
The  values  given  in  Table  IV  are  consistent  with  these  numbers.  Unfortun¬ 
ately,  only  about  20  mW  maximum  is  available  at  the  output  of  the  phasor 
matrix.  Reducing  the  beam  size  at  the  input  to  the  phasor  matrix  to 
7.  5  mm  radius  will  increase  the  output  to  about  30  mW  at  the  expense  of 
less  uniformlcy  in  power  per  element.  If  still  higher  powers  are  desired, 
it  will  be  necessary  to  put  antireflection  coating  on  many  of  the  optical 
surfaces  in  the  system. 

2.  Array  Patterns 

The  far  field  pattern  of  the  COAT-formed  1 8-element  array 
is  shown  in  Fig.  19-  The  pictures  shown  in  Fig.  19(a)  are  to  the  same  scale 
as  the  element  patterns  shown  in  Fig.  17  Comparing  the  null-to«null  beam- 
widths  in  Figs.  17  and  19  gives 

(Array  beamwidth)  .  _ 

(Element  beamwidth)  '  ’  5 

compared  to  a  theoretical  maximum  of  5.  0. 


29  Preceding  page  blank 


ELEMENT  N0.1 


(a)  Elements  1-9 

Fig.  17.  Far-field  element  patterns  for  each  of  ‘he 
18  system  elements  in  the  0-6-12  array.  See 
Fig.  18  for  shape  of  elements  and  their 
positions  in  the  array  near-field. 
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(  b )  El ements  10-18 


Fig.  17.  (Continued) 


ELEMENT  NO. 10 
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3225-22 


LASER 


Fig 


18  ELEMENT 
PHASOR  MATRIX 
OUTPUT  ARRAY 


.  18.  Multiple  path  arrangement  for  laboratory 

measurements.  Two  identical  paths  are  pro¬ 
vided  by  the  beam  splitters,  the  lm  focal 
length  lens,  and  the  two  20x  objectives. 
Artificial  turbulence  is  introduced  into 
only  one  path. 
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LOOP  CLOSED 


3225-23 


LOOP  OPEN 


3226-24 


(a)  DIRECT  PHOTOGRAPH 


3225-25 


(b)  TV  CAMERA 


3225-26 


AND  COLOR  MONITOR 


3225-27 


COAT  ON 


3225-28 


COAT  Oh  F 


(cl  LINE  SCAN  WITH  COLOR  QUANTIZER 

19.  Array  far-field  patterns  in  the  laboratory  for 
COAT  on  (loop  closed,  left-hand  photos)  and 
COAT  off  (loop  open,  right-hand  photos). 

(a)  Direct  photograph  of  beam.  (b)  Color  TV 
monitor  display  of  (a).  (c)  Line  scan  along 

vertical  line  shown  in  (b). 


Table  IV.  Relative  Peak  Intensity  per  Element 
in  an  18-Element  Aperture 


Elementary 

Number 

Peak 

Intensity 

Elementary 

Number 

Peak 

Intensity 

Elementary 

Number 

Peak 

Intensity 

1 

0.  77 

7 

0.  89 

13 

0.  79 

2 

0.  02 

8 

1.  0 

14 

0.  55 

3 

0.  84 

9 

0.  72 

15 

0.  82 

4 

0.  98 

10 

0.  70 

16 

0.  88 

5 

0.  77 

1 1 

0.  67 

17 

0.  85 

6 

0.  90 

12 

0.  86 

18 

0.  95 

T1284 


The  photographs  in  Fig.  19(b)  were  made  directly  from  the  color 
monitor  using  black  and  white  Polaroid  film.  The  bands  at  the  bottom  of 
the  pictures  indicate  the  various  intensity  levels,  the  lowest  being  the  band 
at  the  left  of  the  picture. 

The  curves  in  Fig.  19(c)  are  intensity  profiles  through  the  vertical 
scan  line  shown  as  a  white  line  in  Fig.  19(b).  This  display  is  produced  by 
a  highlighted  portion  of  the  isometric  display  produced  by  the  image 
analyzer  and  viewed  on  an  oscilloscope  (see  Fig.  15).  The  effect  of  closing 
the  COAT  control  loop  is  quite  dram  atic,  but  opening  and  closing  the  loop  is 
really  not  a  fair  measure  of  COAT  performance  since  the  loop  open  state 
is  some  randomly  phased  condition.  A  better  test  is  to  start  with  a 
diffraction-limited  beam  (perfectly  phase  the  COAT  array);  put  this  beam 
through  some  kind  of  distortions  such  as  turbulence,  and  observe  the 
resultant  beam  both  with  and  without  COAT  corrections.  The  experimental 
arrangement  shown  in  Fig.  18  is  designed  to  provide  this  type  of  comparison, 
and  results  are  discussed  in  Section  IV-C  and  Section  V.  As  a  final 
example.  Fig.  20  shows  a  computer-generated  plot  of  a  beam  scanned  off 
boresight  compared  to  a  similar  experimental  pattern.  Note  the  high 
degree  of  similarity  between  the  two  figures.  The  experimental  pattern 


has  been  rotated  because  the  symmetry  axes  of  the  computer  array  and  the 
experimental  array  differ  by  30°. 

3.  Tracking  Modes 

There  are  three  principle  modes  in  which  the  COAT  system 
can  operate:  glint  tracking,  edge  tracking  (similar  to  glint  tracking),  and 
black  hole  tracking.  An  example  of  glint  tracking  is  shown  in  Fig.  21.  This 
is  the  usual  mode  of  operation  in  which  the  COAT  system  forms  the  beam  on 
the  brightest  glint  in  the  array  field  of  view.  The  beam  to  the  left  of  the 
"realistic  target"  in  Fig.  21  is  identical  to  the  beam  on  the  target;  a  beam 
splitter  was  used  to  produce  this  beam  since  the  target  tends  to  obscure 
the  details  of  the  beam  pattern. 

If  the  target  is  a  bright  diffuse  reflector  with  no  glint  points  against 
a  darker  background,  the  COAT  system  will  form  the  beam  on  boundary 
between  the  light  and  dark  regions.  An  example  of  this  tracking  mode  is 
shown  in  Fig.  22.  When  the  system  is  phased  for  glint  tracking,  the  beam 
will  be  formed  just  inside  the  lighter  (higher  reflecting)  region. 

By  simply  reversing  the  phase  of  the  feedback  signal  in  the  COAT 
control  loop,  the  system  will  try  to  minimize  the  received  signal  by  forming 
the  beam  on  a  nonreflecting  part  of  the  target.  This  "black  hole"  tracking 
mode  is  illustrated  in  Fig.  23. 

B.  Convergence  Performance 

One  change  was  made  in  the  COAT  servo  loop  when  the  system  was 
moved  to  the  propagation  range  at  Hughes  GSG  facility  in  Fullerton.  The  dc 
gain  following  the  multiplier  in  each  channel  was  lowered  by  a  factor  of  10 
to  reduce  problems  with  dc  offset  drift  in  the  multipliers.  The  reduction  in 
loop  gain  was  then  to  be  compensated  by  ac  gain  ahead  of  the  multipliers. 

The  change  was  fine  in  principle,  but  evidently  not  so  in  practice.  The  noise 
levels  are  high  enough  that  the  clipper  preceding  the  multipliers  prevents 
achieving  sufficient  ac  gain  to  offset  the  dc  gain  reduction.  The  net  result 
was  to  increase  the  convergence  time  from  about  1  ms  up  to  2  or  3  ms. 

This  is  not  a  fundamental  limitation,  but  rather  a  result  of  our  choices  of 
electronic  parameters.  If  time  permits  we  will  make  some  modifications  to 
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COAT  IN  GLINT 
TRACKING  MODE 
(GLINT  IN  CENTRAL 
CANOPY) 


Fig.  21.  Example  of  COAT  operation  in  g 1 i n t- t ra ck i ng 
mode . 
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Fig.  22.  Example  of  COAT  operation  i 
mode. 
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COAT  INOPERATIVE 


COAT  IN  EDGE 
TRACKING  MODE 


n  edge-tracking 


3144-5 


GLINT  TRACKING  MODE: 
BEAM  FORMS  ON  A  GLINT 
(CENTRAL  CANOPY  AREA) 


3144-  6 


ELECTRONIC  SWITCHING  TO 
BLACK  HOLE  TRACKING 
MODE  (BLACK  HOLE  JUST 
BELOW  GLINT) 


Fig.  23.  Example  of  COAT  operation  in  black-hole 
tracKing  mode. 
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both  the  ac  and  dc  portions  of  the  control  system  to  increase  the  convergence 
time. 

1 .  Effect  of  Gain  on  Convergence  Time 

Previous  simulation  studies^  have  indicated  that  the  product 
of  gain  and  convergence  time  is  approximately  constant.  The  effect  of  gain 
on  convergence  time  was  measured  with  the  RADC/COAT  system  in  the 
laboratory  with  no  turbulence,  and  before  the  reduction  of  dc  gain  discussed 
above.  A  linear  8-element  array  war  used.  The  results  presented  in 
Fig.  24  agree  well  with  the  constant  product  relationship.  The  data  points 
in  Fig.  24  indicate  the  average  of  a  number  of  runs,  and  the  vertical  bars 
indicate  the  range  of  observed  values  for  t  . 

2.  AGC  Performance 

The  previous  report^  presented  some  preliminary  compari¬ 
sons  of  system  performance  without  AGC  and  with  two  different  types  of 
AGC.  These  studies  have  been  continued  with  representative  results  shown 
in  Fig.  25.  The  data  show  the  photomultiplier  signal  and  the  power  on  the 
glint  as  a  function  of  time.  The  zero  time  point  occurs  when  the  control 
loop  is  closed.  In  each  case,  the  loop  voltage  gain  is  optimized  for  minimum 
convergence  time  with  stable  convergence.  These  data  were  taken  after  the 
system  was  moved  to  Fullerton  so  the  effect  of  the  lower  dc  gain  is  present. 
No  additional  amplifiers  are  used  with  the  i.  f.  -AGC,  but  two  amplifiers  — 
one  dc  coupled,  one  ac  coupled  —  are  used  with  the  divider-AGC  and  for  the 
no-AGC  data. 

Contrary  to  the  computer  simulation  results,  the  i.  f.  -AGC  and  the 
divider-AGC  give  almost  identical  performance.  The  convergence  time  is 
2  to  3  ms  with  less  than  1  ms  delay  (in  most  cases).  As  has  been  observed 
previously,  both  the  delay  from  the  loop  closing  to  the  start  of  convergence 
and  the  convergence  time  vary  by  about  a  factor  of  2  from  run  to  run. 

Figure  25(c)  shows  an  unusual  convergence  cycle  where  the  array  began  to 
converge,  then  "deconverged1  and  finally  started  again,  achieving  conver¬ 
gence  in  2  ms  after  the  second  start.  This  type  of  behavior  is  observed 
occasionally,  but  the  cause  of  it  is  not  understood. 
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Fig.  24.  Experimental  data  showing  the  effect  of  open-loop 

gain  on  convergence  time.  The  6-tc  =  50  curve  is  a 
best-fit  to  the  data;  the  constant  product  theoret¬ 
ical  curve  is  also  predicted  by  computer  simulation. 
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PMT 

VOLTAGE 


-MAX 

-0 


GLINT 

DETECTOR 

VOLTAGE 


i  f.  AGC 


Comparison  of  convergence  time  as  a  function  of  ACC. 
performance.  (a)  and  (b)  No  AGC,  loop  gain  maximized 
with  stable  convergence,  (c)  and  (d)  Divider-AGC. 

(e)  and  (f)  i.f.-AGC.  Note  the  different  time  scales 


The  disagreement  between  the  computer  simulation  results  and  the 
data  shown  in  Fig  25  is  probably  a  result  of  our  inability  to  accurately 
model  the  dynamic  characteristics  of  the  i.  f.  -AGC.  For  all  future  tests, 
unless  otherwise  noted,  the  i.  f.  -AGC  will  be  used  since  it  seems  to  give 
slightly  better  performance. 

3.  Glint  Discrimination 

The  ability  of  the  COAT  system  to  discriminate  between  two 
nearly  equal  glints  has  been  investigated  using  a  linear  1x8  array.  Two 
equal  lengths  of  1-mm  wide  scotchlite  were  placed  equal  distances  on 
opposite  sides  of  the  boresight  axis.  Each  glint  was  separately  unresolvable 
but  the  glint  spacing  was  resolvable  (about  1.  5  of  an  element  beam  width  or 
8/5  of  an  array  beam  width).  One  glint  was  then  masked  off  to  produce  the 
data  shown  in  Fig.  26.  Figure  26(a)  shows  the  array  formed  on  each  glint 
when  the  other  one  is  blocked  completely.  Figures  26(b)  to  26(e)  show  the 
increase  of  power  on  glint  No.  2  as  its  reflectivity  (as  measured  by  its 
length)  is  increased  relative  to  that  of  glint  No.  1.  The  results  are  sum¬ 
marized  in  Fig.  26(f)  where  the  ratio  of  the  peak  powers  on  each  glint  is 
plotted  a=  a  function  of  the  glint  reflectivity  ratio.  The  behavior  is  very 
similar  to  the  computer  simulation  results  shown  in  Fig.  7,  although  the 
experiment  indicate  j  that  the  glints  -nust  be  40%  different  (roughly  2  dB)  in 
reflectivity  for  the  system  to  converge  on  the  stronger  glint. 

The  data  in  Fig.  26  have  one  unexplained  characteristic.  The  peak 
power  on  glint  No.  1  does  not  change  as  the  power  on  glint  No.  2  increases 
and  the  sidelobe  levels  also  look  much  the  same.  This  result  is  not  con¬ 
sistent  with  constant  transmitted  beam  power,  but  so  far  we  have  no  explana¬ 
tion  for  the  observation.  The  detector  was  not  saturated,  and  to  the  eye  the 
power  appeared  to  divide  between  the  glints;  it  did  not  jump  back  and  forth. 

C.  Performance  with  Laboratory-Generated  Turbulence 

The  experimental  arrangement  shown  in  Fig.  18  was  used  to  study  the 
effectiveness  of  the  COAT  system  in  compensating  for  artificial  turbulence 
generated  in  the  laboratory.  The  turbulence  generator  which  was  placed  in 
one  of  two  identical  optical  paths  consisted  of  a  section  of  heater  tape 
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underneath  a  copper  mesh  and  a  small  fan  above  the  mesh  to  aid  in  breaking 
up  the  generated  turbulence.  The  fan  was  run  at  a  slow  speed  so  the  time 
variations  of  the  turbulence  would  not  be  too  rapid. 

The  test  results  are  presented  in  Fig.  27.  The  beam  pattern  photo¬ 
graphs  on  the  left  side  of  the  figure  show  the  beam  in  the  nonturbulent  path 
(effectively  the  input  beam  to  the  turbulence)  and  the  beam  after  it  passes 
through  the  turbulence.  The  profiles  in  the  right-hand  pictures  show  the 
intensity  profile  through  the  center  of  the  beam  patterns.  The  pictures 
indicate  that  the  COAT  system  stabilizes  the  beam  pattern  and  provides  a 
factor  of  two  increase  in  the  peak  intensity.  The  COAT-formed  beam 
(F’g.  27(b))  is  almost  identical  to  that  observed  with  the  turbulence  turned 
off;  the  only  difference  is  that  small  fluctuations  in  the  peak  intensity  occur 
with  turbulence.  As  discussed  in  an  earlier  section,  this  test  rather  than 
a  loop  open/loop  closed  comparison  is  the  proper  measure  of  COAT  perfor¬ 
mance,  since  it  indicates  the  deviation  from  a  perfectly  formed  beam.  The 
test  also  indicates  the  "strength"  of  the  turbulence,  which  in  this  case 
causes  a  factor  of  two  loss  in  peak  intensity  and  an  unstable  beam  profile. 

The  excellence  of  the  COAT  performance,  both  with  and  without 
turbulence,  cannot  be  fully  appreciated  without  observing  it  in  action.  A 
movie  sequence  has  thus  been  made  which  illustrates  the  18-element  system 
performance  in  the  laboratory  with  and  without  artificial  turbulence.  The 
film  shows  performance  with  single  and  multiple  moving  glints,  black  hole 
tracking,  and  sphere  tracking.  The  movie  was  also  used  to  record  the 
excellent  performance  of  the  offset-pointing  system  in  both  mechanical  and 
electronic  modes.  Tracking  performance  while  offset-pointing  has  been 
demonstrated.  The  movie  was  presented  as  part  of  an  invited  talk  at  the 
1974  Sp  -ing  Meeting  of  the  Optical  Society  of  America.4 
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Fig.  27.  COAT  correction  for  artificial  laboratory  turbulence. 

Left  hand  photographs  show  beam  intensity  patterns  for 
each  of  two  paths  (see  Fig.  18)  and  right-hand  pictures 
are  profile  scans  through  the  beam  maxima,  (a)  Glint 
placed  in  non- t urb u 1 en t  path;  no  COAT- correct i on  for 
turbulence.  (b)  Glint  placed  in  turbulent  path;  COAT 
corrects  for  turbulence. 
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V. 


range  measurements 


Preliminary  range  measurements  have  been  started,  but  the  results 
will  be  qualitative  until  a  new  TV  camera  with  manual  ACC  is  received  In 
summary,  the  system  has  demonstrated  convergence  in  strong  turbulence 
W,th  single  stationary  and  moving  glints  and  the  mechanical  offset-pointing 

as  been  used  with  some  degree  of  success.  The  following  sections  briefly 
summarize  the  test  results. 

A*  Single  Stationary  Glint 

A  variation  of  the  laboratory  measurements  experimental  arrange¬ 
ment  (Fig.  18)  has  been  used  to  evaluate  the  range  performance  of  the  COAT 
system.  A  schematic  of  this  system  is  shown  in  Fig.  28.  A  local  align¬ 
ment  or  phasing  loop  is  made  using  the  usual  inverted  telescope.  The 
"glint",  however,  is  a  pinhole  with  a  silicon  photodetector  behind  it.  When 
this  detector  is  selected  to  provide  the  phasing  signals,  the  beam  to  the 
rooftop  range  starts  out  nearly  diffraction  limited,  f  „y  degradation  is  then 
caused  mainly  by  turbulence  and  to  a  lesser  degree,  by  the  imperfect  output 

optics.  When  phased  by  this  detector,  the  far  field  array  pattern  in  the 
laboratory  is  shown  in  Fig.  29(a). 

After  propagating  down  the  range  at  a  high  turbulence  level 
l  ..  -2/3  _13  i/o 


(cjj,  =  6xl0-15cm-2/3~- 


1.4x10  m  *^3),  the  beam  is  degraded  to 


e  pattern  and  profile  shown  in  Figs.  29(b)  and  29(c).  There  is  very  little 
difference  between  these  pictures  and  similar  ones  taken  with  the  COAT 
control  loop  open;  the  beam  has  been  almost  completely  dephased. 

When  the  COAT  receiver  viewing  the  target  is  used  to  phase  the 
transmitter  array,  the  beam  forms  as  shown  in  (d)  and  (e)  of  Fig.  29. 

The  beam  forms  very  well,  as  can  be  seen  in  the  photographs.  The  slight 
vertical  asymmetry  seen  on  the  converged  beam  pattern  is  caused  by  a 
weak  second  image  from  the  beam  splitter  in  the  target  assembly.2  When 
the  system  is  converged,  the  control  voltages  applied  to  the  element  phase 
shifters  fluctuate  over  a  range  of  ±20  V.  For  the  bimorph  phase  shifters, 
this  corresponds  to  a  phase  shift  of  ±118°,  or  about  one-third  of  a 
wavelength. 


BEAM  SPLITTER 


3225-49 


Fig.  28.  Experimental  arrangement  for  achieving 

local  phasing  loop  ahead  of  outdoor  propa¬ 
gation  path. 
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(a) 

local  lock  local  beam 


Fig.  29.  Range  data  using  local  and  down-range  phasing 
signals.  (a)  Far-field  pattern  of  local-loop 
beam  with  local  phasing  signals  applied  to  COAT 
system.  (b)  Beam  pattern  at  target  with  local 
phasing.  (c)  Profile  scan  through  (b). 

(d)  Beam  pattern  at  taroet  with  down-range 
(target  glint)  phasing.'  (e)  Profile  scan 
through  ( d ) . 
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1 

The  c  mvergence  time  of  the  system  on  the  range  with  turbulence 
was  measured  using  the  usual  COAT  PMT  receiver.  The  control  loop  is 
closed  and  the  power  incident  on  a  target  glint  is  recorded  as  a  function  of 
time.  A  modified  version  of  glint  design  No.  I2  was  used;  the  glint  has  a 
1  -mm  diameter  and  an  f-number  equal  to  10.  Two  convergence  sequences 
are  shown  in  Fig.  30,  along  with  the  power  on  the  glint  when  the  array  is 
unconverged.  The  power  on  the  glint  appears  to  fluctuate  by  nearly  a  factor 
of  2  after  the  5  to  7  ms  convergence  time.  This  large  power  fluctuation 
may  be  a  result  of  the  small  detector  used  in  the  glint,  however,  since  the 

fluctuations  in  the  central  beam  intensity  observed  with  the  color  quantizer 
are  only  5  to  10%. 


B.  Single  Moving  Glint 

Video  tape  data  has  been  recorded  which  illustrates  the  performance 
of  the  COAT  system  when  a  single  glint  is  moved  on  an  elliptical  path  within 
the  element  pattern  diameter.  The  system  appears  to  track  the  glint  with 
no  lag  and  near-ideal  beam  formation  at  rates  well  in  excess  of  10  mrad/ 
sec,  the  contract  design  goal.  No  quantitative  data  on  moving  glints  has 
been  taken  as  of  this  writing. 

C.  Offset  Pointing 

Only  mechanical  offset-pointing  has  been  tried  so  far.  The  results 
for  an  80  ms  sample  time  and  a  200  ms  hold  period  ar?  shown  in  Fig.  31. 

The  power  on  the  glint  varies  for  most  of  the  80  ms  as  a  result  of  mechanical 
mirror  bounce.  The  beam  pattern  pictures  are  photographed  off  a  black  and 
white  TV  monitor  for  two  different  exposures.  Qualitatively,  the  beam  is 
maintaining  some  degree  of  convergence,  but  the  average  power  at  the  scan 
point  is  definitely  lower  than  at  the  glint  point;  ideally  the  average  power  at 
the  scanned  point  would  be  2.  5  times  larger.  The  200  ms  hold  time  is 
evidently  too  long  for  the  strong  turbulence  conditions  existing  when  this  test 
was^run  since  near-ideal  scanning  performance  has  been  observed  in  the 
lab.  Under  such  strong  turbulence  conditions,  electronic  scannin-  should  be 
better  since  sample  times  can  drop  to  10  ms,  allowing  the  hold  time  to  be 
reduced  to  40  ms  for  80%  of  the  average  power  on  the  scan  point. 
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Fig.  30.  Convergence  data  for  rooftop  range  propagation. 

Two  convergence  sequences  of  power  on  the  glint 
are  shown  compared  to  the  glint  power  with  no 
convergence  (COAT  loop  open). 
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Fig.  31.  Mechanical  offset-pointing  tests  under 
hi gh- turbu 1 en ce  conditions.  (a)  Power 
on  the  glint  as  a  function  of  time 
(sample  time  is  80  ms).  (b)  Beam  pat¬ 
tern  at  target  as  seen  by  the  TV  monitor, 
(c)  Same  as  (b),  but  longer  photographic 
expos  ure . 
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VI. 


PLANS  FOR  THE  NEXT  QUARTER 


The  next  quarter  will  be  the  last  for  this  program.  The  completion 
of  the  range  measurements  will  include  calibrated  data  on  single  and  multi¬ 
ple  glint  targets,  both  stationary  and  moving,  and  with  different  receiver 
aperture  sizes  and  fields  of  view.  Variations  in  servo  design  will  also  be 
studied  if  time  permits.  A  phase  correction  recording  system  will  be 
designed,  built,  and  implemented  to  record  the  correction  voltages  across 
at  least  four  elements  of  the  transmit  aperture.  These  data  will  be  analyzed 
to  determine  the  amplitude  and  frequency  response  required  for  various 
targets  and  for  different  turbulence  levels.  Much  of  the  data  to  be  gathered 
during  the  next  quarter  will  be  dynamic  in  nature,  so  most  of  it  will  be 
recorded  on  tape  for  later  analysis  and  display. 

The  additional  three  month  extension  of  the  contract  calls  for  design¬ 
ing  a  gas  cell  for  use  in  thermal  blooming  studies.  This  design  is  now  in 

progress  and  will  be  completed  shortly  so  that  long  delivery  time  compo¬ 
nents  can  be  ordered. 

The  high  power  study  program  now  under  way  will  be  finished  and 
reported  in  a  classified  addendum  to  the  final  contract  report. 
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